Background: Autism spectrum conditions (ASC) are frequently associated with motor coordination difficulties. However, no studies have explored the prevalence of dyspraxia in a large sample of individuals with and without ASC or associations between dyspraxia and autistic traits in these individuals. Methods: Two thousand eight hundred seventy-one adults (with ASC) and 10,706 controls (without ASC) selfreported whether they have been diagnosed with dyspraxia. A subsample of participants then completed the Autism Spectrum Quotient (AQ; 1237 ASC and 6765 controls) and the Empathy Quotient (EQ; 1147 ASC and 6129 controls) online through the Autism Research Centre website. The prevalence of dyspraxia was compared between those with and without ASC. AQ and EQ scores were compared across the four groups: (1) adults with ASC with dyspraxia, (2) adults with ASC without dyspraxia, (3) controls with dyspraxia, and (4) controls without dyspraxia. Results: Adults with ASC were significantly more likely to report a diagnosis of dyspraxia (6.9%) than those without ASC (0.8%). In the ASC group, those with co-morbid diagnosis of dyspraxia did not have significantly different AQ or EQ scores than those without co-morbid dyspraxia. However, in the control group (without ASC), those with dyspraxia had significantly higher AQ and lower EQ scores than those without dyspraxia. Conclusions: Dyspraxia is significantly more prevalent in adults with ASC compared to controls, confirming reports that motor coordination difficulties are significantly more common in this group. Interestingly, in the general population, dyspraxia was associated with significantly higher autistic traits and lower empathy. These results suggest that motor coordination skills are important for effective social skills and empathy.
Background
Is ability to effectively coordinate, plan and carry out movements associated with successful social functioning? Dyspraxia is characterized by pronounced difficulties in the selection, timing and spatial organization of purposeful movement and coordination [1] and is thought to arise from atypical neural connections in the cerebral cortex [2] . Individuals with autism spectrum conditions (ASC), who have pronounced difficulties with social interaction, also exhibit atypical motor movements [3] . In fact, original clinical reports of ASC reported general 'clumsiness' in these individuals [4, 5] , which have been recently confirmed in a number of research studies [6, 7] . Children (without ASC), who have dyspraxia, also exhibit social and emotional difficulties [8] . However, little research in ASC or the general population has explored the association between dyspraxia and social or emotional skills in adulthood [9] . This is the purpose of the current study.
Studies of children with ASC have demonstrated significant motor difficulties in these individuals [10, 11] . Motor skill scores for children with ASC often fall 1.5 standard deviations below the typical mean [12, 13] , and approximately 80% have definite pronounced motor difficulties with 10% being borderline [6, [14] [15] [16] [17] [18] . Atypical motor skills in ASC are present from early infancy [19] [20] [21] and reported by parents as one of their first areas of concern (average age 14.7 months) prior to seeking an ASC diagnosis [22] . Motor difficulties in children with ASC may be associated with their social and communicative difficulties. For example, children with ASC show significant difficulties in skilled motor gestures, such as imitation [23] . Empathic ability is also reduced in children (without ASC) who exhibit motor difficulties [8] , and research has shown correlations between motor coordination and social communication skills in children with ASC [24] [25] [26] . Approximately 2-6% of children (without ASC) from the general population have dyspraxia [27] . These children exhibit difficulties in social skills, social phobia, empathy [8, 28] , maintaining peer relationships and increased anxiety [29] [30] [31] . This suggests that children without ASC, but with dyspraxia, exhibit traits associated with ASC, particularly in social interaction, empathy and social anxiety.
There are however very few studies on dyspraxia in adults with and without ASC-all of the aforementioned studies involved children. However, the limited number of available studies suggests that in those with and without ASC, motor difficulties continue into adulthood [32, 33] . There is also preliminary evidence from a small number of studies that general population young adults (aged 16-25 years) with dyspraxia may have many of the same difficulties as in childhood [34, 35] . There is also high risk of these individuals experiencing mental health problems, low self-esteem and emotional difficulties, exacerbated by low occupational attainment [9] . It is also currently unclear how many adults with and without ASC have dyspraxia or the impact of this on their social skills.
To address this gap in research, the current study aimed to explore the prevalence of dyspraxia in a large population sample of adults with and without ASC and associations between dyspraxia and autistic traits in these individuals. We utilize online self-reported diagnosis of dyspraxia, alongside validated measures of autistic traits (the Autism Spectrum Quotient (AQ) [36] ) and empathy (the Empathy Quotient (EQ) [37] ). These measures have been validated for use in those with ASC and the general population, to reliably quantify individual differences in autistic traits and empathy in those with and without ASC. This allows us to assess whether the presence of dyspraxia is associated with significantly increased autistic traits in a large population sample, consisting of over 2500 adults with ASC and over 10,000 adults without ASC. Recruitment of high-functioning adults over 18 years old also allows us to explore associations between dyspraxia and autistic traits independent of intellectual disability or age-related effects through development.
If movement difficulties are significantly associated with social, communication skills and empathy, then individuals with ASC and co-morbid dyspraxia may have a significantly higher number of autistic traits than individuals with ASC without co-morbid dyspraxia. Additionally, individuals (without ASC) who have dyspraxia may also have significantly higher autistic traits than those without dyspraxia or ASC. If this were the case, then this would suggest that movement difficulties are associated with autistic traits in those with and without ASC and could be a prime target for intervention to improve social skills in these groups.
Methods

Participants
Participants completed questionnaires online through one of two websites (www.autismresearchcentre.com or www.cambridgepsychology.com). Controls (without ASC) were only included if they did not report having a child or other family members with autism, to avoid including those with the 'broader autism phenotype' [38] . Individuals with a diagnosis of bipolar disorder, epilepsy, schizophrenia, attention deficit/hyperactivity disorder (ADHD), obsessive-compulsive disorder (OCD), learning disability (LD), intersex/transsexual condition or psychosis were excluded from the control group.
After exclusions, 2871 participants reported having a formal clinical diagnosis of ASC (70% male). A majority (n = 2056) had Asperger syndrome; the remaining participants reported having high-functioning autism (n = 287), autism (n = 302), atypical autism (n=43), pervasive developmental disorder (n = 124) and autism spectrum condition (i.e. participants who did not specify a subtype) (n = 59). The control group (without ASC) was comprised of n = 10,706 individuals (41% male), who reported they had no diagnosis of ASC. Participants were aged between 18 and 75 years old (Table 1) .
A majority of the individuals in the ASC group provided information on type of education (mainstream, home, special) (n = 2473, 86%), and of these individuals, a majority reported having attended mainstream school (n = 1949, 78.8%). In total, 1284 (44.7%) of the ASC group also provided information on current occupation, and of these, a majority (n = 846, 65.9%) were employed, n = 233 (18.1%) individuals were in full-time study and n = 202 (15.7%) individuals were unemployed. In the control group, n = 5490 (51.3%) individuals provided information on their education type, and of these, a majority (n = 5358, 97.6%) reported having attended mainstream education. In total, 6011 (56.1%) of the control group provided information on their occupation, and of these, n = 4931 (82%) were currently employed, n = 967 (16.1%) were in full-time study and n = 113 (1.9%) were unemployed.
Measures
When registering in the CARD, participants provided demographic data, including age, biological birth sex and educational and occupational attainment, and any diagnoses from a trained clinician, including ASC and dyspraxia. Participants then complete questionnaires designed to quantify autistic traits. We extracted data from two of these self-report questionnaires. The AQ [36] quantifies individual differences in autistic traits, in adults with average or above average intelligence quotient (IQ). The EQ quantifies individual differences in empathizing ability [37] .
Statistical analysis
Chi-square analyses were used to compare the prevalence of dyspraxia in the ASC and control groups, with odds ratios used as a measure of effect size. Large samples increase the robustness of ANOVA to violation of normality and homogeneity of variance. Separate twoway ANCOVAs, including age as a covariate, were conducted on AQ and EQ data, with two between-subjects factors of 'diagnosis' (ASC vs. control) and 'dyspraxia' (dyspraxia vs. no dyspraxia). The presence of significant diagnosis-by-dyspraxia interaction effects indicates that the effect of dyspraxia on autistic traits is dependent on ASC diagnosis. Significant interaction effects were followed up by simple main effects analysis, to establish whether the effect of dyspraxia on autistic traits was present in each diagnostic group. Effect sizes were calculated using partial eta squared (η 2 ) for main effects, interactions and simple main effects. For partial eta squared (η 2 ), 0.01 represents a small, 0.06 a medium and 0.14 a large effect. Table 1 shows the frequency of self-reported dyspraxia in the ASC and control groups. Table 2 shows the means for age, AQ and EQ for (1) adults with ASC with dyspraxia, (2) adults with ASC without dyspraxia, (3) controls with dyspraxia, and (4) controls without dyspraxia.
Results
Dyspraxia
Participants with ASC were significantly more likely to report a clinical diagnosis of dyspraxia (6.9%) than controls (0.8%) (X 2 (1) = 400.5, p < 0.001; OR 8.69).
AQ
A between-subjects ANCOVA showed a significant main effect of age (F(1, 7997) = 131, p < 0.001, η 2 = 0.02). After controlling for the effect of age, there was a significant main effect of dyspraxia, where participants with a diagnosis of dyspraxia self-reported significantly higher levels of autistic traits (mean = 33.4) than those without a diagnosis of dyspraxia (mean = 20.7) (F(1, 7997) = 16.58, p < 0.001, η 2 = 0.002). Results also showed a significant main effect of ASC diagnosis, where participants with a diagnosis of ASC self-reported significantly higher levels of autistic traits (mean = 38.4) than those without ASC (mean = 17.8) (F(1, 7997) = 624, p < 0.001, η 2 = 0.07). Lastly, there was a significant interaction between the presence of dyspraxia and ASC diagnosis (F(1, 7997) = 22, p < 0.001, η 2 = 0.003). Simple main effects analysis showed a significant effect of dyspraxia in the control group (F(1, 7997) = 28, p < 0.001, η 2 = 0.003); controls with dyspraxia self-reported significantly higher levels of autistic traits (mean = 23.4) than controls without dyspraxia (mean = 17.7). There was no significant effect of dyspraxia in the ASC group (F(1, 7997) = 0.3, p = 0.5, η 2 = 0.001).
EQ
A between-subjects ANCOVA showed a significant main effect of age (F(1, 7271) = 18, p < 0.001, η 2 = 0.002). After controlling for the effect of age, there was no significant main effect of dyspraxia; participants with a diagnosis of dyspraxia did not self-report significantly different levels of empathy (mean = 25.2) than those without a diagnosis of dyspraxia (mean = 41) (F(1, 7271) = 0.6, p =.4, η 2 = 0.001). However, results did show a significant main effect of ASC diagnosis, where participants with a diagnosis of ASC self-reported significantly lower empathy (mean = 17.8) than those without ASC (mean = 45) (F(1, 7271) = 289, p < 0.001, η 2 = 0.04). Lastly, there was a significant interaction between the presence of dyspraxia and ASC diagnosis (F(1, 7271) = 8, p < 0.01, η 2 = 0.001). Simple main effects analysis showed a significant effect of dyspraxia in the control group (F(1, 7271) = 4, p = 0.04, η 2 = 0.01); controls with dyspraxia self-reported significantly lower empathy (mean = 39.8) than controls without dyspraxia (mean = 45). There was no significant effect of dyspraxia in the ASC group (F(1, 7271) = 3.6, p = 0.06, η 2 = 0.001).
Discussion
This study aimed to explore for the first time whether dyspraxia was significantly more prevalent in adults with ASC compared to controls without ASC and associations between dyspraxia and autistic traits in adults with and without ASC. Results showed that adults with ASC self-reported a significantly higher rate of dyspraxia (6.9%) than adults without ASC (0.8%); the relative odds of having a diagnosis of dyspraxia were 8 times higher in adults with ASC compared to controls without ASC. These results show for the first time that the prevalence of dyspraxia is significantly higher in adults with ASC compared to controls without ASC. These findings reflect previous research, showing that motor coordination difficulties are highly prevalent in ASC [6, 7] . Furthermore, these findings add to the small body of currently available evidence showing that the difficulties associated with dyspraxia in childhood persist into adulthood [33, 35] .
Results also showed that the association between dyspraxia and levels of autistic traits and empathy differed according to the presence of co-morbid ASC. Specifically, diagnosis of dyspraxia was only significantly associated with self-reported autistic traits and empathy if participants did not have co-morbid ASC. Controls without ASC, with a diagnosis of dyspraxia, self-reported a significantly higher number of autistic traits and significantly lower levels of empathy than controls without ASC or dyspraxia, whereas those with ASC and co-morbid dyspraxia did not self-report significantly different levels of autistic traits or empathy compared to those with ASC without co-morbid dyspraxia.
These results suggest that motor coordination difficulties are significantly associated with social skills and empathy in adults without ASC, whereas co-morbid dyspraxia in adults with ASC is not significantly associated with increased difficulties in social communication skills and empathy. One possible explanation for this finding is that dyspraxia and ASC symptoms may overlap, particularly as both conditions are seemingly associated with atypical development of neurons within the cerebral cortex [2, 7, 39] . For example, previous research has shown that the difficulties individuals with dyspraxia experience are somewhat similar to the difficulties people with ASC experience. Empathy, for example, is significantly reduced in children (without ASC) who exhibit motor difficulties [8] . Hence, the association between dyspraxia with social skills and empathy in those without diagnosis of ASC would be greater than in those with co-morbid ASC.
Another possibility is that dyspraxia may be underdiagnosed in those with ASC. Motor difficulties are highly prevalent in people with ASC [6, 7] , and these difficulties may be viewed as part of their ASC, as opposed to requiring another co-morbid diagnosis. However, given the small but growing body of evidence showing the importance of motor coordination in social skills in both the general population (without ASC) and those with ASC, recognition and diagnosis of these difficulties is key to access appropriate support and treatment. A small body of evidence suggests high risk of adults with dyspraxia, without co-morbid ASC, experiencing mental health problems, low self-esteem and emotional difficulties, exacerbated by low occupational attainment [9] . Results from the current study add to this literature, suggesting that these individuals also experience difficulties in social skills and empathy, characteristic of ASC. Future research will need to explore whether improving motor coordination early in childhood, or in adulthood, improves these poor outcomes.
The current study has a number of strengths as well as limitations. It contributes to an under-explored area of research-dyspraxia in adulthood and the prevalence and impact of dyspraxia on autistic traits in adults with and without ASC. It also utilized measures of selfreported autistic traits (AQ) and empathy (EQ), which both have undergone substantial reliability tests and have excellent psychometric properties [40, 41] . The current study also analysed data from a very large population sample-over 2800 adults with ASC and 10,000 control adults without ASC. These large numbers were necessary in order to explore differences in autistic traits between the groups, considering that only 0.8% of control adults had a diagnosis of dyspraxia. One limitation is that in order to achieve this large sample, self-report measures of dyspraxia and ASC diagnoses were necessary. However, previous research has shown significantly high concordance rates between self-reported and clinically confirmed diagnoses [42, 43] . Additionally, participants provide details on when and where they received their ASC diagnosis when they register in the research database, to ensure that these self-reported diagnoses are valid. Hence, it is unlikely that the self-report methods utilized in the study significantly invalidated the results.
Another potential limitation is the use of the term 'dyspraxia' in the current study. This could have led to an under-reporting of this diagnosis in the control group, due to lack of familiarity with this term. It may also be the case that the likelihood of receiving a dyspraxia diagnosis maybe unevenly distributed across subsets of those with ASC. As discussed above, it is possible that dyspraxia is under-diagnosed in those with ASC, and this may differ by subtype. This could have meant that the rate of dyspraxia in both the control and ASC groups could have been under-estimated in the current study. However, if anything, this means that the rate of dyspraxia diagnosis is a conservative estimate in the current study. If an alternative label, or in person measures, were used, the rates could potentially have been higher in both groups. Future research studies will need to explore whether these rates of dyspraxia are replicable in a large representative sample of those with and without ASC using in person assessments, across the autism spectrum. However, taken together, this is the only and the largest study to date that has explored the prevalence of dyspraxia and associations between dyspraxia and autistic traits in those with and without ASC.
Conclusions
In conclusion, the current study reports the first evidence that dyspraxia is significantly more prevalent in adults with ASC compared to controls without ASC, confirming previous reports that motor coordination difficulties are highly prevalent in these individuals. Interestingly, the presence of dyspraxia was significantly associated with difficulties in social skills and empathy, particularly in those without co-morbid ASC. These results suggest that adults with dyspraxia demonstrate a significantly increased number of autistic traits compared to the general population (without ASC or dyspraxia) and thus experience similar difficulties to adults with ASC. This is the first evidence of the significant association between motor coordination difficulties with social skills and empathy in adults in the general population and adds to the limited available literature showing a host of poor outcomes in adults with dyspraxia (without ASC). Clinicians must be aware of the impact and importance of motor coordination skills for wider social functioning and empathy and offer appropriate support and treatment for these individuals. 
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